The purpose of this study was to examine the effects of glucose and sucrose supplement on glycogen accumulation in rat skeletal muscle and liver after exhaustive endurance exercise. Four-to five-week-old male Sprague-Dawley rats with an initial body weight ranging from 90 to 110 g were used for this study. All rats were trained by using a 7-day-long swimming exercise program, during which rats swam 6 h/day in two 3-h bouts separated by 45 min of rest. On the next day of the last training, all trained animals performed 240 min of swimming exercise with a weight equivalent to 3 % of their body weight to deplete muscle and liver glycogen. After glycogen-depleting exercise, rats were given a rodent chow diet plus either 5 % sucrose (SUC), 5 % glucose (GLU) or water (CON) for 6 h or 24 h. Despite equal amount of carbohydrate intake, glycogen concentration in rat epitrochlearis muscle of the GLU group rats was significantly higher compared with those observed in the CON (p<0.001) and the SUC groups (p<0.01). No significant difference in liver glycogen was observed among three groups.
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INTRODUCTION
Muscle glycogen is known to be an essential source of energy during intense, prolonged exercise. In this regard, it has been demonstrated that perception of fatigue parallels the decline of glycogen in human skeletal muscle, and that aerobic endurance is related to the pre-exercise muscle glycogen store (Bergstrom et al. 1967 , Ahlborg et al. 1967 . As clearly shown in the classic human study by Bergstrom and Hultman (1966) , a glycogen-depleting bout of exercise followed by a high carbohydrate diet results in an increase in muscle glycogen to levels well above those normally seen in the fed state. This supranormal accumulation of muscle glycogen, a process referred to as glycogen supercompensation, is now an integral component of the preparation of endurance athletes for competition.
Previous studies have examined exercise-dietary regimens to enhance muscle glycogen supercompensation. Nakatani et al. (1997) reported that exercise training that induces an increase in muscle GLUT-4 content results in a large increase in the muscle glycogen supercompensation level after a glycogen-depleting bout of exercise in rats. In their study, rats were given not only Purina chow but also 5 % sucrose in their drinking water ad libitum after glycogen depleting swimming ex- In this context, the goal of the present investigation was to compare the effect of glucose and sucrose supplement on glycogen accumulation in rat skeletal muscle and liver after exhaustive exercise.
MATERIALS AND METHODS

Animal care
Four-to five-week-old male Sprague-Dawley rats (Crea Japan, Tokyo, Japan) with initial body weight ranging from 90-110 g were used for this study. All animals were housed in rooms lighted from 11:00 AM to 11:00 PM and maintained on an ad libitum diet of standard chow (CE-2, Crea Japan, Tokyo, Japan) and water. Room temperature was exercise, rats were given a rodent chow (CE-2) diet plus either 5 % sucrose (SUC; n= 6: 6 h, n= 8: 24 h), 5 % glucose (GLU; n= 7: 6 h, n= 7: 24 h) or water (CON; n= 6: 6 h, n= 7: 24 h) for 6 h or 24 h. Diet and water consumptions of two repletion periods were measured.
Tissue collection
After repletion period (6 h or 24 h after glycogen-depleting exercise), rats were anesthetized with an intraperitoneal injection of pentobarbital sodium (5 mg/100 g body weight).
Blood was then sampled via cardiac puncture and subsequently used for determination of plasma glucose concentration. Liver and epitrochlearis muscle were dissected out and were immediately freeze-clamped between aluminium plates pre-cooled in liquid nitrogen.
All samples were kept at -70 o C until analysis.
The rat epitrochlearis muscle was used for this research because it is extensively used during swimming, the form of exercise employed in the present study. This is evidenced by glycogen depletion, stimulation of glucose transport and increased insulin sensitivity in response to a bout of exercise and adaptive increases in GLUT-4 and hexokinase (Cartee et al. 1989 , Ren et al. 1994 , Young et al. 1987 ).
Determination of plasma glucose concentration
Plasma glucose was determined by the glucose oxidase method with Glucose C II test wako (Wako Pure Chemical Industries, Ltd., Osaka, Japan).
Analysis of muscle and liver glycogen concentration
Epitrochlearis and liver samples were 
Statistical analysis
All values are expressed as mean ± SD. Statistical analysis was performed using two-way analysis of variance (ANOVA) (Jandel Sigma Stat) to examine the effects of different types of sugar supplementation and time for recovery.
Statistical significance was defined as p<0.05. Table 1 showed the body weight (BW) at 6
RESULTS
Body weight
h and 24 h after glycogen-depleting exercise.
BW at 24 h after the exercise was significantly heavier than that observed at 6 h (p<0.01). No significant difference in the average body weight was observed among three groups. The interaction between different types of sugar supplementation and time for recovery was not statistically significant.
Plasma glucose and insulin concentration
Plasma glucose concentration at 24 h of glycogen repletion period was significantly lower
than that observed at 6 h (p<0.001). Plasma glucose and insulin values were not affected by the different types of sugar supplementation (Table 1) . No statistically significant interaction between different types of sugar supplementation and time for recovery was observed. Consumption of food, fluid and total carbohydrate.
As shown in Table 2 , food and fluid consumptions in the CON group were significantly higher compared with those observed in the GLU and SUC groups (p<0.001; food, p<0.01; fluid). There were no significant differences in food and fluid intake between the SUC and GLU groups. Calculated total carbohydrate intakes were not different among three groups. In these parameters, the interactions between different types of sugar supplementation and time for recovery were not statistically significant. Values are means ± SD. CON; distilled water. SUC; 5% sucrose solution. GLU; 5% glucose solution. 
Muscle glycogen concentration.
A 4-h swimming exercise reduced glycogen concentration in rat epitrochlearis muscle to a level of 5 ± 3 μ mol/g wet tissue from pre-exercise value of 46 ± 11 μmol/g wet tis-
sue.
Muscle glycogen concentration in epitrochlearis of the GLU (p<0.001) and SUC (p<0.05) groups were significantly higher than that observed in the CON group (Fig.1) .
Moreover, glucose supplementation induced 
Liver glycogen concentration.
Pre-exercise liver glycogen concentration was 134 ± 19 μmol/g wet tissue, which decreased to 17 ± 3 μmol/g wet tissue after the glycogen-depleting swimming exercise.
Liver glycogen concentration was not affected by the different types of sugar supplementation ( SUC, respectively). Therefore, we consider that, among the three groups, the differences in replenished glycogen content are induced by some factor except for the amount of carbohydrates absorbed during recovery period.
Muscle glycogen
In our data, total carbohydrate intake during recovery period was not different among the three groups, nevertheless the muscle glycogen concentration in the GLU group was significantly higher than that observed in other two groups after recovery period. Pancreatic insulin secretion to absorbed glucose should be greater than that by sucrose, because glycemic index of glucose is known to be higher than sucrose (approx. 65, as described by Foster-Powell and Miller 1995) . Insulin stimulates glucose uptake and glycogen synthase activity in skeletal muscle. Therefore, we speculated that glucose supplementation highly induces muscle glycogen resynthesis followed by a large amount of pancreatic insulin secretion. However, plasma insulin concentration did not differ among three groups (Table 2 ). In the present study, rats were allowed to access to food and drinks ad libitum, which might cause lots of variability in insulin concentration.
There were two human studies that determined the efficacy of glucose and sucrose drinks in promoting muscle glycogen resynthesis during the early phase (2-to 6-h) of recovery from exhaustive exercise (Blom et al. 1987 , Bowtell et al. 2000 . Since, in those studies, muscle glycogen after the recovery period was still below the pre-exercise level, it is unclear which type of sugar is effective to induce higher muscle glycogen level when it is fully recovered. Our study has first demonstrated that glucose supplementation rather than sucrose efficiently enhanced the level of glycogen supercompensation in skeletal muscle after exercise
In the present study, we adopted standard rodent chow of which carbohydrate was mainly contained as starch. Though total CHO intake in the three groups during recovery period was not different, the content of glucose or sucrose supplementation was only ～20 % in the total CHO intake. It would be interesting to examine the effect of high-glucose or high-sucrose diet on glycogen supercompensation.
Liver glycogen
It has not been clear which type of sugar is effective to attain higher glycogen level in liver when it is fully recovered. Conlee et al. (1987) evaluated liver glycogen concentration 4 h after exercise when rats were fed either glucose or fructose by gastric tube immediately after exercise and demonstrated that fructose induced a significantly greater glycogen storage than glucose after 4h recovery period. Sucrose is a disaccharide containing glucose and fructose, and fructose is largely metabolized in the liver (Zakim et al. 1969) . In the present study, we therefore hypothesized that consumption of sucrose during recovery enhances glycogen supercompensation in liver. However, no significant difference was observed in the liver glycogen concentration among the three groups (Table 3) . These results may provide possibility that different types of sugar supplementation did not affect liver glycogen supercompensation after exercise.
SUMMARY
In conclusion, glucose supplementation after glycogen-depletion endurance exercise more efficiently promotes glycogen supercompensation than sucrose in trained-rat skeletal muscle. The conversion of glucose and fructose to fatty acids in the human liver. Biochem.
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